Background. The progressive resistance exercise (PRE) in Parkinson's disease trial (PRET-PD) showed that PRE improved the motor signs of PD compared to a modified Fitness Counts (mFC) program. It is unclear how long-term exercise affects physical function in these individuals. Objective. To examine the effects of long-term PRE and mFC on physical function outcome measures in individuals with PD. Methods. A preplanned secondary analysis was conducted using data from the 38 patients with idiopathic PD who completed the PRET-PD trial. Participants were randomized into PRE or mFC groups and exercised 2 days/week up to 24 months. Blinded assessors obtained functional outcomes on and off medication at baseline, 6 and 24 months with the Modified Physical Performance Test, 5 times sit to stand test, Functional Reach Test, Timed Up and Go, Berg Balance Scale, 6 minute walk test (6MWT), and 50-ft walking speed (walk speed). Results. The groups did not differ on any physical function measure at 6 or 24 months (Ps > .1). Across time, all physical function measures improved from baseline to 24 months when tested on medication (Ps < .0001), except for 6MWT (P = .068). Off medication results were similar except that the 6MWT was now significant. Conclusions. Twenty-four months of supervised and structured exercise (either PRE or mFC) is effective at improving functional performance outcomes in individuals with moderate PD. Clinicians should strive to include structured and supervised exercise in the long-term plan of care for individuals with PD.
Introduction
Parkinson's disease (PD) is a progressive neurodegenerative disorder affecting approximately 1% of people over age 60 and 4% over age 80. 1 The clinical progression of PD is multidimensional and leads to a wide spectrum of impairments across gait, balance, strength, and cognition, which, in turn, contribute to diminished physical function and disability. Standard medical treatment for the management of the motor and nonmotor symptoms of PD has typically been pharmacological (eg, dopamine replacement therapy) 2,3 and surgical (eg, deep brain stimulation). 3, 4 However, the progressive nature of the disease along with the changes in mobility and physical function associated with aging require management strategies to delay symptom onset or slow disease progression to prolong functional independence in individuals with PD. 5 Rehabilitation therapy may be recommended in the management of PD to maximize functional ability and minimize secondary complications. Mounting evidence shows that exercise may be therapeutically beneficial for individuals with PD. [5] [6] [7] [8] [9] [10] [11] The types of exercise that have been studied to date in PD include aerobic exercise and treadmill training, [12] [13] [14] [15] tai chi, 7, 16 balance training, 17, 18 dancing, 19, 20 and progressive resistance exercise. 17, 21 A recent Cochrane review reported on the short-term effects of physical therapy in PD and concluded that physical therapy using various exercise types can provide small but important changes in walking speed, balance, and clinician-rated disability measured by the Unified Parkinson's Disease Rating Scale (UPDRS). 22 One limitation noted by the review, however, was that the trials included were relatively small, usually comparing physical therapy to no physical therapy over short periods of time. It is not clear if exercise over long periods conveys continued improvements in patient function or whether the progressive nature of the disease overtakes the benefits of exercise in the long term. It is also not clear whether different modes of exercise convey different benefits in PD. For example, aerobic treadmill training was shown to be superior to general strength and flexibility exercises on improving walking speed in PD, while general strength and flexibility exercises have been shown to be superior to treadmill training on improving muscle strength. 13 Similarly, progressive resistance exercise had a greater benefit on strength and the motor signs of PD as measured by the motor subscale of the UPDRS (UPDRS-III) at 24 months compared with a lowintensity stretching, balance, and strengthening program. 21 Therefore, specific exercise prescriptions may be necessary to target specific impairments in individuals with PD. A clearer understanding of the benefits that each type of exercise conveys for individuals with PD will assist in the development of patient-specific exercise prescription.
Despite an increasing awareness of the role of exercise in effecting short-term changes, the benefits of longer term exercise on functional limitations in PD are not as well understood. The natural progression of PD entails more impaired functional performance and an increased level of disability. Exercise has been shown to have either no improvement 13, 23, 24 or improvements after 4 months of exercise that were not maintained after 16 months of exercise 9 on overall physical function in individuals with PD. Corcos et al 21 was the first randomized controlled trial, the Progressive Resistance Exercise Training in Parkinson's Disease (PRET-PD) trial, to show the longer term effects of progressive resistance exercise up to 24 months on the motor signs (UPDRS-III), physical function, and quality of life in individuals with PD. Patients with moderate PD participated in either a progressive resistance exercise (PRE) strengthening program or a modified Fitness Counts (mFC) exercise program consisting of low-intensity stretching, nonprogressive strengthening, breathing, and balance exercises recommended by the National Parkinson Foundation. 25 While both programs had similar effects on the motor rating of the UPDRS at 6 months, only the PRE group maintained the improvements in UPDRS-III scores at 12, 18, and 24 months. 21 Functional performance was examined using only one measure of function, the modified Physical Performance Test (mPPT) collected in the off medicated state. Both PRE and mFC groups showed improved functional performance on the mPPT across 24 months. The PRET-PD trial provided the first evidence that long-term, supervised exercise could affect general functional performance in individuals with PD.
The mPPT is a general test of diminished functional capacity. 26 Physical function in PD is multifaceted and in addition to general functional performance includes aspects of balance and functional mobility. It is not clear whether, in the face of disease progression, longer term exercise, here defined as greater than 6 months, can positively affect general functional performance as well as specific measures of balance and functional mobility in individuals with PD. It is also not clear whether a specific type of therapeutic exercise conveys greater benefit on different aspects of physical function in PD than another type of exercise. This study reports a secondary analysis of functional outcomes data from the PRET-PD trial. 21 The purpose was to (a) investigate whether long-term exercise has similar effects across multiple measures of physical function including specific measures of balance and functional mobility in individuals with PD and (b) examine whether long-term PRE is better than mFC at affecting physical function across multiple measures of function in individuals with PD. Two exercise approaches were compared at 6 months and at 24 months: a progressive resistance exercise (PRE) program and a nonprogressive modified Fitness Counts (mFC) exercise program. The hypotheses were that (a) regardless of whether individuals were assigned to the PRE or mFC group, 24 months of exercise would lead to improvement in all aspects of functional ability compared to baseline, and (b) comparing between groups, at both short-term (ie, 6 months) and long-term (ie, 24 month) time points, the PRE group would exhibit significantly more improvement in all aspects of physical function compared with the mFC group. This hypothesis was based on the maintained improvement of UPDRS-III scores in the PRE group over 24 months compared with the mFC group in the primary study. 21 While the primary study did not show between groups differences on mPPT scores at either 6 or 24 months, we hypothesized that an intervention-specific effect would be found for these more specific functional measures. Participants were studied in both the on and off medication states to assess the most broad effect of exercise on physical performance in patients with PD.
Method
This secondary data analysis used a subset of data from the PRET-PD trial, a prospective, parallel-group, single-center, randomized controlled trial. 21 Physical function outcomes were one of multiple outcome domains tested in the PRET-PD trial, which included other secondary outcomes of bradykinesia and strength, tremor, quality of life, and cognition. This article will report findings related to the physical function outcomes only. The order of testing was pseudo-randomized between outcome domains and between the different cognitive outcomes. In the PRET-PD study, patients with moderate stage, idiopathic PD, confirmed by a Movement Disorders specialist as outlined by the Parkinson's Disease Society Brain Bank criteria, were self-referred or recruited from Rush University Medical Center. Eligibility criteria were aged 50 to 67 years, on stable dopaminergic therapy, and able to walk for 6 minutes. Patients with moderate disease severity were studied because these patients are sufficiently impaired so that a treatment effect can be observed, but not so impaired that there are major safety issues. Patients were screened using the Physical Activity Readiness Questionnaire, 27 which is valid to use for ages 15 to 69. Since the study duration was 2 years, the upper age limit was set at 67. Exclusion criteria were no significant neurological history other than PD, significant arthritis, failed Physical Activity Readiness Questionnaire, 27 cognitive impairment as indicated by a Mini-Mental State Examination score <23, 28 already exercising, and history of surgery for PD. Patients were followed for 24 months or until they withdrew from the study. The institutional review boards at Rush University Medical Center and the University of Illinois at Chicago approved the study. Patients provided written informed consent. Race and ethnicity data were recorded as required by National Institutes of Health policy (PHS 398).
Participant characteristics and the complete trial profile for the PRET-PD trial have been previously published. 21 Two exercise interventions were studied: mFC and PRE. Subjects in both groups performed one-on-one training twice a week for the first 6 months with a certified personal trainer. For the remaining 18 months, one-on-one training was provided once a week and subjects performed the second session each week on their own. If a subject missed a session, they were instructed to make it up. Thus, subjects were expected to have completed a total of 208 exercise sessions at the end of 2 years. Subjects performed the exercise programs while on antiparkinsonian medication. In order to maximize compliance, (a) exercise sessions were held at a gym facility close to the subject's home, which was paid for by the study; (b) exercise sessions were scheduled at the subject's convenience; (c) subjects were asked to exercise only twice a week; (d) if subjects missed 2 consecutive sessions, immediate action was taken by the exercise study coordinator to resolve any issues; and (e) the exercise study coordinator contacted the subject's trainers every 2 to 3 months to check on the subject's well-being. Both exercise programs had the same warm up and cool down phases that each lasted up to 10 minutes. These exercises included 3 minutes of walking followed by 5 repetitions of the following 5 stretching exercises: (a) neck circles to both directions, (b) trunk rotation while lying down to both directions, (c) arm circles in both directions, (d) hamstring stretches while sitting, and (e) ankle stretches while standing. The stretches were performed dynamically but slowly and under control. The total duration for each exercise session in both programs was approximately 60 to 90 minutes. Exercise sessions were separated by at least 48 hours. 29 As such, the programs were identical in all aspects (duration of exercise, number of exercise sessions, and time with the personal trainer) except for the specific exercises.
The mFC is an exercise program recommended by the National Parkinson Foundation. 30 The program focuses on stretching, nonprogressive strengthening, balance exercises, and breathing. Modifications to the program were to exclude aerobic conditioning and the addition of weighted exercise, thus allowing us to directly compare progressive resistance exercise in which load was systematically increased with an exercise program that did not utilize weighted exercise. There were 12 stretching exercises in mFC: standing chest stretch, seated neck and chest stretch, seated rotation stretch, overhead stretch, standing back stretch, hamstring stretch, lying shoulder stretch, seated side stretch, standing shoulder stretch, rotation stretch, calf stretch, and ankle circles. All stretching exercises were performed 3 times for 3 to 5 breath counts. The 7 strengthening exercises were wall slides, bridging, shoulder blade squeeze (sitting without resistance and standing with a resistance tube), quadriceps strengthening (long arc quad), quadruped trunk strengthening (opposite arm/leg lifts), and prone on elbows. Three sets of 10 repetitions were performed for all strengthening exercises. There was also 2 to 3 seconds of rest (or more if needed) between all stretching and strengthening exercises. The last set of exercises, balance exercises, consisted of 2 exercises: weight shifts forward and backward 10 to 20 times while standing with feet placed hip width apart and single leg stance on each leg for 5 to 10 seconds.
The PRE program consisted of 11 strengthening exercises: chest press, latissimus pull downs, reverse flys, double leg press, hip extension, shoulder press, biceps curl, rotary calf (ankle plantar flexion), triceps extension, seated quadriceps extension, and back extension. 31 At the first visit with the personal trainer, a 1-repetition maximum (1RM) was established for each exercise. Resistance was set at approximately 30% to 40% of the 1RM for upper body exercises and 50% to -60% of 1RM for lower body exercises during the first week of training. As soon as the subject was able to perform a set of the exercises using good form and perceive the exercise to be somewhat easy, the resistance was increased by at least 5% 31 or as allowed by the equipment. Each repetition lasted 6 to 9 seconds. Subjects raised the weight over 2 to 3 seconds, paused briefly (2-3 seconds), and slowly lowered the weight (3-4 seconds). 32 Subjects performed 3 sets of 8 repetitions for each exercise starting with just 1 set and working up to 3 sets as they progressed. After 8 weeks on the strength program, subjects switched to a strength plus speed program.
Here the emphasis was on the speed with which each repetition was completed. The resistance was set at 70% to 80% of their 1RM and each subject performed 2 sets of 12 repetitions. Every 8 weeks subjects alternated between the strength and strength plus speed training programs. Full details regarding the setup and management of both exercise programs have previously been described. 21 All assessments were performed at the Clinical Motor Control Laboratory at the University of Illinois at Chicago by raters blinded to group allocation. Baseline measures were collected prior to beginning exercise, and after 6, 12, 18, and 24 months of exercise. Off-medication assessment was completed in the morning prior to their first dose of medication following 12-hour overnight withdrawal of medication. 33 Patients then took their prescribed medication, had lunch, and repeated all the assessments approximately 60 minutes after taking their medication (on-medication). Physical function was examined using measures that spanned general functional performance, balance, and functional mobility. General functional performance was measured using the modified Physical Performance Test (mPPT). 26 Balance and functional mobility were assessed using the 5 time sit to stand (STS) test 34 performed as fast as possible, the Functional Reach Test (FRT), 35 the Timed Up and Go (TUG) 36 performed as fast as possible, the Berg Balance Scale (BBS), the 6-minute walk test (6MWT), 37 and as fast as possible walking speed during a 50-ft walk distance (walk speed). Although there is some overlap in which aspect of function each measure captures, we strove to include measures that would span multiple aspects of function, regardless of overlap ( ). These measures have been widely reported in the literature and have been shown to be reliable and valid in older adults and patients with PD. 23, 26, [38] [39] [40] [41] [42] [43] [44] [45] Statistical analyses were performed using the SAS software package (version 9.2; SAS institute, Inc, Cary, NC). The analysis did not impute missing data and assumed data were missing at random. The mPPT and BBS are measured on an ordinal scale, and therefore they were analyzed using nonparametric statistics. Although the 6MWT, TUG, FRT, STS, and walking speed are on ratio scales, these 5 were not normally distributed; therefore, nonparametric comparisons were used for all tests. Analyses were completed using the change score from baseline at 6 and 24 months. The Wilcoxon rank-sum test was used to test differences between groups at baseline, 6, and 24 months, while Friedman's χ 2 was used to test for a main effect of time. The Wilcoxon signed-rank test was then used for planned post hoc pairwise comparisons to determine whether there was a significant effect of exercise at 6 months and at 24 months. The purpose of this study was to examine short-term and long-term changes in function. Therefore, although testing was done every 6 months, analyses were done only at 6 and 24 months to reduce the number of comparisons. Analyses were performed separately for the on and off medication data. All statistical tests were 2-sided, and we used a P value <.05 as statistical significance. Effect size was based on the Hodges-Lehman estimate of location shift of the median and 95% confidence intervals around the median.
Results
The change scores from baseline at 6 and 24 months of the 38 participants who completed the 24-month trial were used for this secondary analysis. Full details regarding dropout have previously been provided, 21 but in brief, dropout reasons were similar for both groups, and while baseline quality of life as measured by the PDQ-39 in the mFC group was worse for the noncompleters relative to the completers, there were no other differences between noncompleters and completers in either treatment group.
The treatment groups did not differ significantly at baseline on any physical function measure with the exception of the off medication FRT in which case the mFC group performed better than the PRE group at baseline ( Table 1 ). Table 2 and Figure 1 show the main effect of time. When tested on medication, participants demonstrated significant improvements in all measures of physical function with the exception of 6MWT, which approached significance (P = .068). Post hoc testing of the on-medication data showed that both short-term (6 months) and long-term (24 months) improvements in all other physical function measures were significant ( Table 2) .
Effects of Exercise on General Functional Performance, Balance, and Functional Mobility Across 24 Months
Results were similar when tested off medication except that the main effect of time on 6MWT was now significant such that all physical function measures were significantly improved across time. Post hoc testing of the off-medication data showed that both short-term (6 months) and longterm (24 months) improvements were significant in each of these measures with the exception of 6MWT, which was significantly improved from baseline at 6 months only.
Short-Term and Long-Term Effects of PRE Versus mFC on General Functional Performance, Balance, and Functional Mobility
Comparing PRE and mFC groups, there was no difference between groups in change score from baseline at either 6 months or 24 months on any physical function measure when patients were tested either on or off medication (Table 3 ).
Discussion
Given the inevitable disease progression in PD, interventions that maintain or promote functional ability are essential in the management of individuals with PD to delay dependence. This study reports functional outcomes from the longest duration clinical PRE exercise trial to date in individuals with PD, the PRET-PD study. The findings showed that 24 months of exercise in individuals with PD significantly improved general functional performance as well as balance and functional mobility. The findings did not support different effects between the types of exercise. These findings were consistent whether patients were tested on or off medication, although the 6MWT was significant off medication and of borderline significance on medication. Taken together, the results of this study suggest that long-term, structured exercise can positively affect multiple aspects of physical function in individuals with PD across 2 years. This positive impact occurred despite increasing dopaminergic medication for each group across 2 years as detailed in the primary article, 21 which showed increasing L-dopa equivalent medication changes in both groups across time, but no between-group differences at baseline or 24 months. In the current study, long-term functional improvement was seen with structured, supervised exercise at both the short-term (6 months) and the long-term (24 months) evaluations. The only other previous study to examine the longer term effects of exercise on function in PD was performed by Schenkman and colleagues, 9 who compared the effects of a flexibility, balance, and function exercise program; a supervised aerobic exercise program; and a home-based exercise program utilizing the Fitness Counts exercise program on functional performance and aerobic endurance in individuals with early to mid-stage PD across 16 months. They found that while participants in the flexibility, balance, and function exercise group showed significant improvements in overall function as measured by the Continuous Scale-Physical Functional Performance measure at 4 months compared to the other 2 groups, this improvement was not maintained in the long term at either 10 or 16 months. They also showed no between-group differences in balance performance as measured by the functional reach test at either 4 or 16 months.
Differences in exercise prescription may in part explain why the current study found long-term functional changes with exercise while the Schenkman et al 9 study found no effect of 16 months of exercise on overall function. The 2 studies differed substantially in the type of exercises used, the number of weekly exercise sessions performed, the amount of exercise supervision provided, and the mode of long-term exercise supervision (ie, individual vs group).
The results of the current study support the conclusion that exercising with supervision 2 days per week for 6 months and 1 day per week for the remaining 18 months promotes achieving and maintaining functional improvements in patients with PD. Future studies should try to determine the levels and types of exercise supervision to promote costeffective and meaningful functional gains in individuals with PD. Future studies should also strive to investigate the optimal type of exercise to address specific motor and nonmotor features of PD. While PRE has been shown to significantly improve strength and the motor signs of PD as measured by UPDRS-III compared to mFC, 21 the current study showed no difference between these interventions across multiple aspects of function in the same group of patients. Elucidating what aspects of the disease a specific type of exercise affects and then examining combinations of exercises to target multiple aspects of the motor and nonmotor deficits of PD will facilitate targeted exercise prescription at the individual patient level.
Whether the dose of PRE or mFC exercise used in the current study was sufficient to produce a clinically relevant improvement in gross motor function across 24 months remains less clear. While PRE has previously been shown to produce a statistically and clinical significant reduction in UPDRS-III scores compared to mFC, 21 it is not clear that this reduction in the UPDRS-III score will translate into important changes in scaled measures of gross motor function commonly used as outcome measures in individuals with PD. Our understanding of how function is changed by the natural course of PD in the absence of any intervention is a large gap in the current knowledge base, which makes understanding of the significance of change scores difficult. 46 If we more clearly understood the expected disease related decline in function, understanding long-term changes in these measures would be more meaningful. In the meantime, the minimal detectable change (MDC), the smallest amount of difference in score that represents true change beyond random measurement error, can be used. Previous studies report MDCs in patients with PD for the FRT, TUG, BBS, 6MWT, and walk speed, but not for the mPPT or STS. The suggested MDC for the FRT in patients with PD has a wide range of means from 4.0 to 11.5 cm, 45, 47 and results from the current study achieved that range in one instance (6-month off-medication score of 4.45 cm, Table 2 ). Similarly, for the BBS, only the 6-month off-medication change score was within the 2.0 to 5.0 range of MDC in the BBS that has been suggested for patients with PD. 45, 47 In contrast, the largest TUG change score of 0.99 seconds at 24 months failed to achieve the recommended MDC of 1.63 to 11 seconds suggested for patients with mild to moderate PD. 45, 47, 48 However, given that the TUG was modified to be performed as fast as possible in this study, this may limit application of MDC in this case. The highest median change in 6MWT in the current study was 34 meters ( Table 2 , 6-month off-medication change), which is considerably lower than the suggested MDC in individuals with PD of 82 meters. 45 In contrast, improvements in walking speed at 24 months in the current study of 0.22 m/s when tested on medication and 0.26 m/s when tested off medication are consistent with a suggested MDC for patients with PD of 0.19 m/s 47 to 0.25m/s 45 despite instructions to walk as fast as possible. 49 Ceiling effects at the higher levels of functioning were found for some patients in the current study. Since the MDC of functional outcome measures is sensitive to the starting functional ability of the participants, such that higher functioning individuals will have a reduced capacity to show change in their functional outcome, relying solely on MDC for interpreting the significance of these findings may not be appropriate. Taken together, the results of the current study suggest that long-term exercise can affect some aspects of functional performance in patients with PD. However, the most conservative interpretation of the current data is that exercise across 24 months can prevent functional decline in patients with PD, which, given the progressive nature of the disease, is noteworthy.
One strength of the current study is that participants were tested in both the off and on medication states. Individuals with PD experience significant fluctuations in their medication status throughout the day, and testing functional performance both off and on medication may be necessary to capture all the functional issues that a patient may face. Off-medication testing has been shown to be important in some instances of functional testing such as examining predictive validity of the functional gait assessment and the TUG. 50 However, testing off medication presents serious challenges for both patient and clinician. Results in functional outcomes in the current study were generally consistent whether patients were tested on or off medication. Therefore, for clinicians and researchers interested in documenting changes in functional performance in patients with PD with exercise, the results of the current study suggest that testing on medication, controlling for when the last dose of medication was taken as was done in this study, might be adequate.
The current study has some limitations. First, the study was powered on the primary outcome measure, and not on the secondary functional measures examined here. In addition, the lack of a no exercise group prevents us from examining how functional performance would have changed across time without intervention. Also, although subjects were expected to have completed a total of 208 exercise sessions at the end of 2 years, we did not have data to quantify the exact number of exercise sessions performed. Future studies may find that using an activity monitor or electronic verification of adherence will help enable quantitative data collection on adherence. We also did not measure patient satisfaction to examine whether the functional performance changes seen here were meaningful to the patients themselves. Similarly, while assessments were performed in the laboratory setting to promote consistency and standardization of testing in a controlled environment, it may not reflect real-life performance of the individuals in their home and community. Future studies should address measures of selfperceived and community functional improvements. Given the age range and the moderate stage of disease severity of the patients studied, application of these results to older individuals in more advanced stages of the disease is limited. The choice of functional performance measures used was guided by previous literature at the time of study development. However, the span of disease severity demonstrated by the patients in the study resulted in ceiling effects at the higher levels of functioning and several outliers for lower functioning patients, which prevented a parametric statistical analysis. These outliers were mainly due to instances of gait freezing during the dynamic assessments. More recent understanding of appropriate measures to assess functional outcomes in individuals with PD 51 should be considered for future studies. These include measures such as the Mini-BESTest 52 to assess balance and fall risk and the Functional Gait Assessment 53 to test balance and mobility. The ceiling effects observed in some of the measures used in the current study such as the BBS and mPPT and the fact that both groups of patients enrolled in this study were high functioning at baseline might have precluded detection of a differential effect between groups. It is possible that if more sensitive measures of function had been employed, or statistical power increased, then a differential effect may have been exhibited between the groups on functional outcomes. However, after careful examination of the means and variance of the functional measures, it seems unlikely that this is the explanation for the lack of between group effects for all of the measures. The results of this study suggest that both mFC and PRE exercise can benefit function in PD. Given that functional ability particularly in older adults requires not just muscle strength, but the ability to utilize muscle force in a timely and effective way, 54, 55 it is perhaps not surprising that PRE did not have a more pronounced effect on function in patients with PD than mFC. Future studies should strive to identify the best combination of exercises to address multiple aspects of functional performance in individuals with PD.
In conclusion, 24 months of supervised and structured exercise was effective at improving functional outcomes that span general functional performance, balance, and functional ambulation in individuals with moderate PD. While PRE was previously shown to be significantly better than a nonprogressive mFC program at improving the UPDRS-III scores, upper extremity muscle strength, and movement speed, 21 the current study showed that both PRE and mFC performed under weekly supervision across 2 years can benefit functional performance of individuals with PD. Clinicians should strive to include structured and supervised exercise in the long-term plan of care for individuals with PD, which should continue beyond any shortterm intervention.
